Isolation and chemical analyses of the cell walls of the yeast (Y form) and mycelial forms (M form) of Paracoccidioides brasiliensis and Blastomyces dermatitidis revealed that their chemical composition is similar and depends on the form. Lipids, chitin, glucans, and proteins are the main constituents of the cell walls of both forms of these fungi. There is no significant difference in the amount of lipids (5 to 10%) and glucans (36 to 47%0) contained by the two forms. In both fungi, the Y form has a larger amount of chitin (37 to 48%) than the M form (7 to 18%c), whereas the M form has a larger amount of proteins (24 to 41 %c) than the Y form (7 to 14%).
Paracoccidioides brasiliensis and Blastomyces dermatitidis exhibit thermal dimorphism: a yeast form (Y form) at 37 C and a mycelial form (M form) at room temperature (23) . The mechanisms by which these fungi change from one form to the other are not yet clear. Both forms of P. brasiliensis have enzymes of glycolysis, the hexose monophosphate shunt and the citric acid cycle, suggesting that they may utilize glucose through the same metabolic pathways (18) . Morphological differences might be due to the chemical composition of the cell wall of each form.
Although Blank (8) , by means of X-ray diffraction studies, demonstrated the presence of chitin in the Y and the M forms of both fungi, and Kanetsuna (17) found, also in both fungi, that glucosamine and glucose are the main constituents of the cell walls of the Y form, detailed information on their composition is not yet available. To obtain such information, we studied the cell wall compositon of the Y and M forms of P. brasiliensis, as well as some of the properties of glucan. The cell wall composition of B. dermatitidis is also described for purposes of comparison. ' Present address: Universidad de Los Andes, Centro de Microscopia Electr6nica, Merida, Estado Merida.
MATERIALS AND METHODS
P. brasiliensis (strain 7193, Instituto Nacional de Tuberculosis, Caracas, Venezuela) and B. dermatitidis (strain BD64, National Communicable Disease Center, Atlanta, Ga.) were used. The Y and M forms of both fungi were obtained as previously described (18) . The fungi were killed in 170 formaldehyde or 2.5%G glutaraldehyde, washed with water, and kept in a freezer until used.
Cell wall preparation. The Preparation of glucan in P. brasiliensis. Cell walls of the Y form in the amount of 3.3 g and a 1.0-g amount of the M form were treated twice separately with ether and then incubated in 100 ml of 0.3% trypsin (EC 3.4.4.4), dissolved in 0.05 M tris(hydroxymethyl)-aminomethane-chloride buffer, pH 8.0, at 37 C for 2 hr. After being washed with water, the trypsin-treated cell walls were incubated in chitinase (EC 3.2.1.14; 0.6 mg/ml) with 0.05 M acetate buffer (100 ml in the Y form, and 50 ml in the M form), pH 5.0, at 37 C for 1 week. Ten drops of toluene was added to each reaction mixture to prevent bacterial growth. The insoluble materials were collected by centrifugation at 12,000 X g for 10 min. After this treatment had been repeated two more times, until amino sugars were no longer liberated, the insoluble materials were washed with water, ethyl alcohol, and ether, successively. 5 .0, at 37 C for 0, 2, 5, 10, and 24 hr. In the case of a-amylase, 0.02 M potassium phosphate buffer, pH 6.9, with 0.0069 M NaCl was used instead of acetate buffer. At the time indicated above, 0.2 ml of the reaction mixture was placed into 3 ml of boiling water for 10 min to inactivate the enzymes. The amount of reducing sugar was then determined by Somogyi's colorimetric method (28) with glucose as a standard. Glycogen, nigeran, laminarin, and cellulose were used in all experiments to determine the substrate specificity of the glucanases employed. When the enzyme solution had reducing power, it was dialyzed overnight against water before usage. The amount of enzyme used was that required to give maximal hydrolysis of a suitable commercial glucan within 2 to 5 hr, except for cellulase which needed 24 hr. The results were expressed as a percentage equivalent of the glucose liberated from glucans at the 10th hr (glucoamylase, a-amylase, and snail digestive juice) or at the 24th hr (cellulase).
Solubility of glucan in dilute alkali. Samples suspended in I N NaOH were incubated with stirring, for 1 to 7 hr at room temperature or at 37 C. After centrifugation at 18,000 X g for 20 min, the precipitates were washed once with alkali and the supernatant liquids were combined and filtered. The amount of glucan in the filtrates and precipitates was estimated (27) .
Analytical methods. Total nitrogen and phosphorus were determined by the methods of Johnson (15) and Fiske and SubbaRow (13), respectively. Readily extractable lipids, bound lipids, and ash were determined by the method of Bartnicki-Garcia and Nickerson (6) . Nucleotides were estimated from the ultraviolet spectra of the extracts obtained by treating the samples with 1 N perchloric acid at 80 C for 30 min; commercial yeast ribonucleic acid was used as a reference.
For sugars, samples were hydrolyzed in sealed tubes with 1 N HCI at 110 C for 5 to 7 hr. A portion of the hydrolysates was immediately used for reactions with anthrone (27) and orcinol (12) , with the use of glucose and arabinose, respectively, as standards. HCI was removed from the remaining part of the hydrolysates by repeated evaporations in vacuo over silica gel and NaOH pellets. Residues were dissolved in a small amount of water and passed through small amounts of Dowex-50 (H+ form) and Dowex-1 (OH-form) with water as eluent. Desalted solutions were concentrated by lyophilization and used for paper chromatography.
For amino sugars and amino acids, samples were hydrolyzed with 6 N HCI at 110 C for 16 hr. HCI was removed by the above mentioned method, and the residues were dissolved in water and filtered. The filtrates were used for the determination of amino sugars and amino acids. Amino sugars were determined by the method of Belcher et al. (7) with glucosamine-HCI as a standard. Amino acids were analyzed with a JLC-3BC amino acid and nucleic acid analyzer (Japan Electron Optics Laboratory Co. Ltd., Tokyo, Japan) according to the method of Spackman et al. (29) , with the use of Aminex A-4 and A-5 resins (Bio-Rad Laboratories, Richmond, Calif.) for long and short columns, respectively.
Paper chromatography was performed on Whatman no. 1 filter paper, with the following solvents: (A) n-butyl alcohol-acetic acid-water (4:1:1, v/v), ascending; (B) phenol-water (4:1, w/w), ascending; (C) n-butyl alcohol-pyridine-water (6:4:3, v/v), descending; (D) 2 ,4-lutidine-water (65:35, v/v), ascending; (E) ethylacetate-pyridine-n-butyl alcoholn-butyric acid-water (10:10:5:1:5, v/v), descending. For sugars, multiple development (three times) in solvent C and two-dimensional chromatography ( Uronic acids were not detected in the naphthoresorcinol reaction (14) .
In the two forms of P. brasiliensis, the glucosamine polymer could not be extracted from the cell walls with 1 N HCI (100 C, 15 min). On the other hand, after chitinase treatment the majority of the liberated amino sugars were N-acetylglucosamine (solvent A). These results indicate that chitin is the glucosamine polymer found in both forms of the fungi.
The amounts of amino acids were calculated from the amino acids shown in Table 2 . Although the amounts of tyrosine, which was overlapped by a glucosamine peak, and of the amino acids (cysteine, tryptophan, etc.) destroyed during acid hydrolysis were not included in Table 2 , the M form of both fungi had much larger amounts of proteins than the Y form. Molar ratios of amino acids differed somewhat, depending on the preparations. In general, however, the M form had smaller amounts of lysine and histidine and larger amounts of proline in relation to a fixed amount of protein than did the Y form.
The glucan of the Y form, prepared by treating the cell wall with trypsin and chitinase, contained 98.5%-o glucose and 2.0% N-acetylglucosamine. No significant amounts of amino acids were found. Cell walls of the M form treated in the same manner gave insoluble materials which contained 68.3%c glucose, 3.5%c, N-acetylglucosamine, and 30.0%'c amino acids. Since preliminary treatments with Pronase and pepsin failed to remove amino acids, these insoluble materials were used to examine some properties of the glucans in the M form. Table 3 shows some properties of the glucans in both forms of P. brasiliensis. Almost all of the glucan of the Y form was soluble in 1 N NaOH at room temperature. It showed high dextrorotation and was weakly positive in the periodic acidSchiff (PAS) reaction (21 glucan was insoluble in alkali. This alkali-insoluble fraction (40.0% glucose, 5.9% N-acetylglucosamine, and 45.3% amino acids) was positive in the PAS reaction, and was hydrolyzed by snail digestive juice and cellulase. Since these crude enzyme preparations could also hydrolyze a-glucans, the existence of A-linkage in the alkali-insoluble glucan was not determined. The nature of the glycosidic linkage could not be determined by infrared spectrum owing to the impurity of the sample. DISCUSSION It is known that the cell walls of fungi contain various types of polysaccharides, proteins, lipids, and inorganic substances (3) , and that, depending on environmental conditions, some fungi show dimorphism (26) . So far, however, it has been difficult to identify a common feature of the cell wall of both the Y and M forms of dimorphic fungi, although the relationship between cell wall composition and morphology has been reported in Mucor rouxii (6), Histoplasma capsulatum (11, 20) , and Candida albicans (10, 19) .
The present study revealed that the cell walls of the Y form of P. brasiliensis and B. dermatitidis have larger amounts of glucosamine and smaller amounts of amino acids than cell walls of the M form. This finding is in agreement with data reported for the cell walls of H. capsulatum (11, 20) .
The insolubility of the glucosamine polymer in hot 1 N HCI and the liberation of N-acetylglucosamine by chitinase indicate the presence of chitin and not of chitosan. Furthermore, the isolated glucosamine polymer of the Y form of P. brasiliensis was identified as chitin by X-ray diffraction and infrared spectrum (Moreno et al., Arch. Biochem. Biophys., in press). We observed no significant difference in the chitin content of the Y form of the two fungi, although Blank (8) found that the Y form of B. dermatitidis had three times more chitin than the Y form of P. brasiliensis.
Paper chromatography evidenced a very small amount of an unknown amino sugar in both forms. This amino sugar corresponded to the unusual amino sugar observed in the cell wall of Penicillium notatum (1) . Recently, Applegarth and Bozoian (2) described this unusual amino sugar as an artifact of acid hydrolysis of N-acetylglucosamine.
The characteristics of the alkali-soluble glucans in both forms of P. brasiliensis differ from those of f3-glucans, which are widely distributed in fungal cell walls (3) . The high dextrorotation in alkali, and the absorption at 840 cm-' in infrared spectra, of the alkali-soluble glucans of both forms indicate the existence of a-glycosidic linkage. The failure of glucoamylase and a-amylase in hydrolyzing glucans suggests that a-(1 -_4) linkage is not the main linkage. Insolubility in hot water (16) and the weakly positive PAS reaction suggest the existence of a glucan mainly composed of a- (1 -3) linkage. The infrared spectra of the alkali-soluble glucans of both forms were almost identical to that of a-1,3-glucan of Aspergillus niger (4) . The occurrence of a-1,3-glucan in fungal cell walls has been reported for Polyporus species (4, 25) , A. niger (16) , Cryptococcus, and Schizosaccharomyces (4).
It is interesting to note that the M form has significant amounts of alkali-insoluble glucan(s); even after reflux with 1 N NaOH for 15 hr, approximately 25% of the glucan remained in the insoluble fraction. The alkali-insoluble glucan was positive in the PAS reaction and was susceptible to snail digestive juice and cellulase, contrasting with the alkali-soluble glucan. Since the enzyme preparations used could also hydrolyze a-glucans, the nature of the alkali-insoluble glucan is not yet clear. However, the coexistence of a-and ,3-glucans in a fungus was reported by Bacon et al. (4) . Furthermore, additional small amounts of galactose and mannose were observed in the cell walls of the M form. These results indicate the existence of structural differences of polysaccharides of the two forms, although there was no significant difference in the total amount of neutral sugars.
Several attempts have been made to explain dimorphism, but they are too speculative (26) . Nickerson (22, 23) , proposed the formation of the M form from the Y form as the selective inhibition of cell division without simultaneous growth inhibition. However, this proposed mechanism does not always produce the M form from the Y form, since there is a possible formation of linked, or giant, Y forms. Furthermore, the M form of P. brasiliensis and B. dermatitidis produces septae (9) , suggesting that there is no inhibition of cell division.
Structural differences as well as rigidity of polymers might be of importance in explaining dimorphism. Chitin is hard and could maintain the shape of fungi, but since it is a linear acetylglucosamine polymer it might not be structurally different in the two forms. Although there is a difference in the amino acid composition of the two forms, it is not clear whether fungal proteins are responsible for the rigidity of the cell walls. However, the more efficient removal of chitin and proteins by chitinase and trypsin in the Y form than in the M form of P. brasiliensis may
